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The Determination of
Relevant Goals and
Criteria Used to Select an
Automated Patient Care
Information System:
A Delphi Approach

JOAN K. CHOCHOLIK, MHA, SUSAN E. BOUCHARD, JOSEPH K. H. TAN, PHD,
DAVID N. OSTROW, MD, MA

A b s t r a c t Objectives: To determine the relevant weighted goals and criteria for use in
the selection of an automated patient care information system (PCIS) using a modified Delphi
technique to achieve consensus.

Design: A three-phase, six-round modified Delphi process was implemented by a ten-member
PCIS selection task force. The first phase consisted of an exploratory round. It was followed by
the second phase, of two rounds, to determine the selection goals and finally the third phase, of
three rounds, to finalize the selection criteria.

Results: Consensus on the goals and criteria for selecting a PCIS was measured during the
Delphi process by reviewing the mean and standard deviation of the previous round’s responses.
After the study was completed, the results were analyzed using a limits-of-agreement indicator
that showed strong agreement of each individual’s responses between each of the goal
determination rounds. Further analysis for variability in the group’s response showed a
significant movement to consensus after the first goal-determination iteration, with consensus
reached on all goals by the end of the second iteration.

Conclusion: The results indicated that the relevant weighted goals and criteria used to make the
final decision for an automated PCIS were developed as a result of strong agreement among
members of the PCIS selection task force. It is therefore recognized that the use of the Delphi
process was beneficial in achieving consensus among clinical and nonclinical members in a
relatively short time while avoiding a decision based on political biases and the ‘‘groupthink’’ of
traditional committee meetings. The results suggest that improvements could be made in
lessening the number of rounds by having information available through side conversations, by
having other statistical indicators besides the mean and standard deviation available between
rounds, and by having a content expert address questions between rounds.
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A patient care information system (PCIS) selection
task force was given the task of recommending to the
board of the Vancouver Hospital and Health Sciences
Centre (VHHSC) an integrated, computerized PCIS.
The VHHSC is a multisite complex providing a range
of tertiary-care services to the citizens of British Co-
lumbia, Canada. The complex has five Vancouver-
based sites and three regional sites, with a total of
1,900 beds serviced by 1,500 physicians and approxi-
mately 9,500 caregiver and administrative staff. With
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the exception of pediatric and obstetric services, a
wide range of medical, surgical, and psychiatric ser-
vices are provided, including highly specialized pro-
vincial programs for leukemia and bone marrow
transplants, spinal cord injuries, burns, solid organ
transplantation, and acute trauma services.

The PCIS selection task force was given a six-month
mandate to evaluate two computerized PCIS systems
and present a recommendation. Their key responsi-
bilities during this project were to develop an in-
depth knowledge of each product in relation to the
clinical activities performed at the hospital, commu-
nicate their activities and decisions to their respective
constituencies and VHHSC executive management,
and make a recommendation to the board.

Prior to the formation of the PCIS selection task force,
which included representatives from the clinical ser-
vices of the hospital, there was a ‘‘preselection’’ phase
managed by administration. Two major activities oc-
curred during this phase. A review of the literature
was performed by the hospital’s information systems
support staff, and a summary of the findings was
made available to the PCIS selection task force panel
members as part of their preparation during the ac-
tual selection project. In addition, the hospital re-
tained the services of an international management
consulting firm specializing in health care systems.
Their mandate was to review the marketplace and rec-
ommend the two most suitable PCIS software prod-
ucts for implementation at an institution of the size
and complexity of VHHSC. The acceptance of the rec-
ommendation of two products by executive manage-
ment served as the starting point for the selection rec-
ommendation project managed by the PCIS selection
task force.

The first part of this six-month selection recommen-
dation project, known as the ‘‘pre-Delphi’’ phase, in-
volved extensive fact finding on the two products
through on-site product demonstrations, ‘‘hands-on’’
trials of clinical scenarios using the PCIS software
products, visits to vendor headquarters, and client site
visits. All PCIS selection task force members—in ef-
fect, the Delphi panel members—were required to
participate actively by attending the on-site demon-
strations, developing and leading the trials of the clin-
ical scenarios using both software products, and vis-
iting vendor headquarters as well as nine Canadian
and American client sites, which were similar in size
and complexity to VHHSC and had implemented one
of the two PCIS software products under review. The
panel members held a number of debriefing and data
collection wrap-up meetings following these site vis-

its, during which each member would relay their find-
ings to the rest of the group. The client site visits were
an essential part of the process, in that they gave the
panel members, particularly the clinicians, the oppor-
tunity to gain practical insights into both products as
well as identify relevant criteria for selection of a PCIS
product. In addition, the clinical members of the panel
reviewed literature on the implementation of auto-
mated clinical systems and used the panel members
from Information Systems as advisors to become
knowledgeable about the factors relevant to the selec-
tion of software products. In effect, the first part of
this selection project served as a means of educating
the caregivers about what factors would be relevant
in the selection of a PCIS about which they initially
had little knowledge. Gaining this knowledge through
first-hand experience was viewed as an advantage
over having criteria supplied to the panel prior to the
site visits. During the second part of the selection pro-
cess, the four-week Delphi phase, this multidiscipli-
nary task force used several consensus-building tech-
niques to arrive at a recommendation—namely,
brainstorming, the nominal group meeting technique,
and a decision Delphi process.

The main objective of using the Delphi technique in
the latter stage of the detailed selection process was
to determine and weight the relevant selection goals
and the specific criteria within each goal. These
weighted goals and criteria were then used to evalu-
ate two software products to determine a product of
choice. This modified Delphi process consisted of six
rounds (Figure 1). The outcome of the Delphi process
was the achievement of consensus on the goals and
criteria and their respective weights, each weight be-
ing equivalent to the mean score of the round when
consensus was achieved. Using the weighted goals
and criteria, the two software products were evalu-
ated and the product with the highest overall product
score was recommended for purchase and implemen-
tation.

It was the decision of the chair of the PCIS selection
task force to use a Delphi process to arrive at the PCIS
software product decision. The Delphi technique was
chosen primarily because the PCIS software recom-
mendation would affect the entire caregiver commu-
nity and thus required a collective group opinion
from people with diverse perspectives, experience,
and expertise. Making a decision while avoiding the
‘‘groupthink,’’ or bandwagon effect, of traditional
committee meetings and the influence of more pow-
erful committee members required a process that
could address these concerns. Janis1 describes ‘‘group-
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F i g u r e 1 Delphi process for the PCIS Selection Project at Vancouver Hospital.
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think’’ as a ‘‘mode of thinking that people engage in
when they are deeply involved in a cohesive in-group,
when the members’ strivings for unanimity override
their motivation to realistically appraise alternative
courses of action,’’ which can result in a deterioration
of mental efficiency, reality testing, and moral judg-
ment. The chosen method was a modification of the
conventional Delphi process.2 Each of the participants
knew the others. In addition, the panel was composed
not just of experts in one field but of a mixture of
specialists in clinical care, patient care administration,
and information systems. The objective and frame-
work was most similar to the decision Delphi3 in that
it offered the panel the benefit of ‘‘quasi-anonymity’’
rather than total anonymity; there were very few
‘‘rules’’ or known scientific evidence on which to base
a decision; and the panel consisted of a heterogeneous
group of participants of whom the majority were se-
lected for their decision-making abilities and clinical
knowledge rather than their expertise or knowledge
of automated PCISs.

Background

The Delphi technique is a process that facilitates con-
sensus building and informed decision making
among experts in a field. It is one of several group
techniques developed for situations where individual
judgments must be combined to arrive at informed
decisions that cannot be made by one person and for
which there is insufficient scientific information or an
overload of often contradictory information. Four
characteristics, in combination, distinguish the Delphi
technique from other group decision-making pro-
cesses: anonymity, iteration with controlled feedback,
statistical group response, and ‘‘expert’’ input.4 Al-
though first used as a technologic forecasting process
at the RAND Corporation, the Delphi technique may
be used when one or more of the following occurs: a
problem cannot be solved by analytic technique alone,
but requires subjective judgment on a collective basis;
the contributing individuals represent a diversity of
experience and expertise; frequent meetings are not
feasible; disagreements among individuals are so se-
vere or politically charged that anonymity must be
ensured; and the effectiveness of face-to-face meetings
can be increased by a supplemental group process,
i.e., avoidance of the ‘‘bandwagon’’ or ‘‘groupthink’’
effect.5 Central to the use of this technique is the lack
of agreement or incomplete state of knowledge con-
cerning either the nature of the problem or the com-
ponents that must be included in a successful solu-
tion. Group consensus is achieved through the

administration of successive rounds of questionnaires
in which opinions are gathered. Members of the
group independently submit their opinions through
responses to the questionnaires. The initial round is
open-ended or exploratory and is designed to obtain
information about an issue. Questionnaires for suc-
cessive rounds incorporate opinions from the previ-
ous round and statistical indicators such as the mean
or standard deviations of previous responses. As the
rounds progress, the opinions of the group begin to
merge toward consensus. Consensus is achieved
when there is a clear indication of the group’s opin-
ion, generally reflected by a previously defined statis-
tical indicator.

The Delphi technique was not used in the health care
field until the mid-1970s, when early studies concen-
trated on determining priorities for nursing research6

and developing a nursing research curriculum.7 Since
then, the use of the Delphi process in the clinical set-
ting has steadily increased. The technique has been
progressively used in the health care field and in par-
ticular, during the 1990s, to develop educational cur-
ricula for patients and health professionals8; develop
and assess quality-of-care indicators9 – 15; determine
criteria and priorities for standards, new programs,
and research16 – 25; assess priorities, needs, and guide-
lines for automation in the health care field26 – 29; and
develop criteria and priorities for administration.30

(The project report for the hospital contains a brief
description of each of these studies.31)

Modifications or variations of the conventional Delphi
approach are described in the literature—the policy
Delphi,32 the decision Delphi,3 the reactive Delphi,33

and the real-time Delphi.5 Unlike the conventional de-
sign, the decision Delphi technique does not focus on
facts or the use of specific application experts. The
outcome is focused on decision making in fields that
are strongly susceptible to change and where one or
more the following occurs: there is more influence by
individual decision makers than by underlying rules;
the field of interest is relatively new or is presented
with new developments; or the scientific field of in-
terest is small and relatively self-contained.3 The panel
would include a high percentage of decision makers
in the field under consideration. This differs from the
conventional approach in that these people may not
necessarily be specific application experts. The prac-
tical application of the decision Delphi is similar to
the conventional approach. Unlike the conventional
approach, a situation of ‘‘quasi-anonymity’’ exists, as
the participants are known but their statements and
comments remain anonymous.
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Advantages and Limitations of the Delphi
Technique

The major strength of the Delphi technique is that it
can be used in a diversity of applications while pro-
viding for consensus of group opinion in a way
that eliminates the negative aspects of face-to-face
meetings. Whitman34 has outlined several signifi-
cant advantages of the technique over the commit-
tee meeting. Although it does not guarantee more par-
ticipation than in a face-to-face meeting, it encourages
honest opinion, free from peer pressure, which serves
to reduce or eliminate the ‘‘bandwagon’’ or ‘‘group-
think’’ effect that can bias committee meetings or
group discussions. Compared with committee meet-
ings, the Delphi technique also has time management
benefits because it eliminates ‘‘off the subject’’ ideas.
Greater acceptance of decisions because of the ability
to include large numbers of the community in the de-
cision making, or ‘‘grassroots’’ involvement, has been
noted.35

The length of the process can be a limiting factor on
the respondent’s motivation. It is suggested that three
or four rounds are enough for people to react to the
ideas of others and thus avoid the ‘‘fatigue factor’’
and the subsequent tendency to end the process by
conforming to the group opinions.36 The definition of
an expert37 and the selection of the group or panel
respondents remain subject to considerable debate. It
has been suggested that, for health care issues, to
avoid getting a false consensus due to a limited range
of viewpoints, a heterogeneous panel of experienced
personnel is required38 as well as predefined selection
criteria for the panel members.39 In addition, a lack of
synergy can develop during a Delphi round meeting
if proper procedure is not followed.

Decisions made by use of the Delphi technique are
based on opinions and not necessarily on facts ob-
tained from a controlled environment. However,
when a collective decision is required from members
of varied experience and expertise and when the in-
formation available on the issue is limited, the Delphi
process has been shown to be of value in assessing
the priorities, needs, and guidelines for automa-
tion.26,27,29

Methods

A modified Delphi technique was chosen primarily
because the PCIS automation recommendation would
affect the entire caregiver community and therefore
required a collective group opinion from members
with diverse perspectives, experience, and expertise.

The final outcome was the achievement of consensus
on the goals and criteria, and their respective weights,
each weight being equivalent to the mean score of the
round when consensus was achieved. After the Delphi
rounds were completed, the software products were
further evaluated using these weighted criteria to ar-
rive at the recommendation to purchase.

The Delphi Question

The question answered from this Delphi study was
‘‘What are the relevant goals and criteria and their
respective weights that should be used in selecting an
integrated, computerized patient care information
system?’’

The Duration

The modified Delphi approach was used in the latter
part of the six-month evaluation process. The duration
of the Delphi process, approximately four weeks,
started with an open-ended questionnaire to solicit in-
put for the criteria and ended with a two-day retreat
to finalize the goals and criteria. The software rec-
ommendation was then decided using the weighted
goals and criteria. A two-day retreat was chosen pri-
marily because of the direction from senior manage-
ment to arrive at the recommendation within a rela-
tively short time. Having the participants together in
a retreat setting for a specified length of time ensured
that there would be no delay in reaching the decision.

The Participants

The institution’s executive management appointed the
chair of the selection task force, a physician respected
by the administrative and medical communities. The
chair then selected other caregivers as participants for
the panel on the basis of the following criteria:

n They were recognized as decision makers or opin-
ion makers in their professions,

n They were actively involved in providing patient
care or in supporting patient care, including docu-
mentation and distribution of information;

n They were knowledgeable about the use of com-
puterized systems in the clinical setting; and

n They were willing to participate for the duration of
the entire six-month selection process.

The Delphi panel consisted of ten representatives
from the clinical and the administrative areas of the
hospital. The number of panel members was kept rel-
atively small (for a Delphi process), as each panel
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Table 1 n

Guidelines for Evaluation
1. The system must be designed for direct use by caregivers.

2. The product must be proven in an institution similar to this
hopsital and the system must be provided by a stable vendor.

3. The system must be one that can serve as a basis for re-
engineering the hospital’s work processes.

4. The vendor must offer a fully integrated product.

5. The selected system must provide a financial payback.

6. The system must provide the basis for a computer-based pa-
tient record.

F i g u r e 2 Member’s goal ballot for Round 2 of the Del-
phi process.

member was expected to participate fully in at least
two client site visits in addition to the on-site evalu-
ation process. This responsibility represented a signif-
icant amount of time away from clinical duties, and
to ensure that full, consistent participation would oc-
cur over the entire length of the selection process, the
number of panel members was kept lower, but it re-
mained high enough to represent the range of care-
giver services across the hospital. There were four
physicians (including the chair) on the panel—an or-
thopedic surgeon, a respirologist, a thoracic surgeon,
and an oncology medicine specialist. Two patient ser-
vices managers with nursing backgrounds were on
the panel, one from the intensive care unit and one
from the surgical units. The remaining members of the
task force, appointed by senior management, included
an information systems analyst with a nursing back-
ground, the director of Information Systems, the
manager of Patient Care Information Systems, and
the director of Patient Information and Records Man-
agement. The monitor of the study (a nonvoting mem-
ber of the panel) was an information systems analyst
who was responsible primarily for distributing the
questionnaires, tabulating the results, assisting the
chair with administrative functions, and overseeing
the process. The monitor and the chair of the task
force were responsible for creating and revising the
questionnaires, distributing them, and addressing any
issues or concerns raised during the process.

Measurement of Consensus

The panel agreed beforehand that the mean and stan-
dard deviation would be used as the primary indi-
cators of group consensus. For weighting the goals, a
standard deviation value of two units was adopted as
the measure of achieving consensus. For the devel-
opment of the criteria and weights, a standard devi-
ation of one unit was adopted as the ideal consensus
or agreement measure, because the range of possible

scores for each criterion was from 0 to 10, so large
variations in responses were not expected. The group
decided to deal with exceptions or values outside this
range on an ‘‘as needed’’ basis during the process.

Round 1

The first questionnaire was open-ended and asked the
question ‘‘What are the important criteria that should
be used to make a decision on an automated patient
care information system?’’ Prior to distribution of this
question to the panel, the panel reviewed five ground
rules or guidelines that were passed to them by the
institution’s executive management (Guidelines 1 to
5, Table 1). The group retained these five ground rules
as the goals on which to develop criteria, with the
addition of Guideline 6. These guidelines were sub-
sequently referred to as the selection goals.

In addition to the selection goals, the panel members
were given a sample list of criteria that had been gath-
ered by information system analysts as part of the
‘‘preselection’’ phase of the project. These sample cri-
teria, with each member’s experiences gained on cli-
ent site visits during the previous three months,
served as the background information for the group
to address the Delphi question. Each member was
then asked to submit, in writing, a list of five to ten
criteria for each identified goal. Three weeks were al-
lowed for the responses. The chair and the monitor
received responses from all panel members. The chair
and the monitor then organized these criteria into the
goal categories.

Round 2

The second and subsequent rounds of this Delphi pro-
cess took place during a two-day retreat attended by
all ten panel members. The Delphi process was used
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Table 2 n

Goals and Assigned Weights (Rounds 2 and 3)

Selection Goal

Round 2

Mean SD

Round 3

Mean SD

1 Designed for direct use by caregivers 31 8 31 3.3481
2 Basis for electronic patient record 24 5.6789 15 3.7802
3 Proven product/stable vendor/future directions 15 4.4721 10 2.3324
4 Fully integrated product 11 6.6332 11 5.1196
5 Basis for re-engineering work processes 10 3.2012 9 3.0000
6 Financial payback 9 3.7417 24 2.9816

100 100

NOTE: The means for round 3 equal the assigned goal weights for each of the six goals. SD indicates standard deviation.

with the nominal group technique. No verbal inter-
action as to the matter at hand was permitted between
or during the completion of the questionnaires, and
each member’s responses remained unknown to the
rest of the group. The second questionnaire (Figure 2)
was distributed to each member with written instruc-
tions for completion. These instructions required the
participant to weight each goal so that the total
weighting of the six goals equaled 100. The group was
given 30 minutes to prepare their responses. Re-
sponses were received from all members, and the
mean and standard deviation were tabulated on site
using a personal computer spreadsheet software ap-
plication.

Round 3

The questionnaire or goal ballot was distributed to the
group with the mean and standard deviation of the
group’s response to Round 2 (Table 2). The panel was
instructed to review this response and weight the
goals using the new information within 30 minutes.
The mean and standard deviation of this round’s re-
sponses were then tabulated. The group reviewed the
findings and decided that, on the basis of the small
variation of the means, no further agreement could be
achieved by another round. The means of the third-
round responses for each goal then became the as-
signed weights for each goal (Table 2).

Round 4

To assign weights to the criteria identified in Round
1, a criterion ballot was distributed for each goal. The
criterion ballot listed each goal followed by 1 to 13
criteria, as shown on Table 3. The members were
asked to weight each criterion on a scale of 0 to 10,
with 0 indicating the criterion is absent; 5, criterion is
met adequately; and 10, criterion is met at the highest
level. The total of the criterion weights did not have
to equal the respective goal weight. The members

were given 60 minutes to complete the weighting. The
results from this weighting were tabulated, and the
mean and standard deviation for all criteria in each
of the six goal categories were put onto the next
round’s ballot for the members’ consideration.

Round 5

The next questionnaire, or second criterion ballot, was
distributed to the group with the mean and standard
deviation of the group’s response to the first weight-
ing of the criteria. The panel was instructed to review
this response and weight the goals on the basis of this
new information. Based on the predefined measure of
group consensus (i.e., one standard deviation around
the mean) and response distribution, consensus for
the criteria of two goals—Goal 5, ‘‘basis for re-engi-
neering,’’ and Goal 6, ‘‘financial payback’’—was rec-
ognized. The panel was given 60 minutes to prepare
their responses for weighting the remaining criteria.
The mean and standard deviation of the responses to
the fifth-round ballot responses were then tabulated.
The group reviewed the findings and decided that
consensus had been attained for all criteria except
three in Goal 3, ‘‘proven product/stable vendor/fu-
ture directions.’’

Round 6

The members were given a third criterion ballot with
the three criteria from Goal 3, ‘‘proven product/stable
vendor/future directions’’ and the group’s response,
i.e., the mean and standard deviation, from Round 5.
The members were asked to weight these criteria. The
results were tabulated and reviewed by the group.
There was little variation from the mean and standard
deviation of the previous balloting, and the members
decided that another round would not increase agree-
ment. The assignment of the final criteria weights for
all goals, shown in Table 3, was considered complete.
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Table 3 n

Goals, Criteria, and Maximum Assigned Criterion Weights
Maximum Assigned

Criterion Weight
Maximum

Goal Weight

1. Designed for direct use by caregivers: 31
Supports on-line access to data from all previous episodes of care 9.33
System availability 9.22
Supports clinical decision-making (alerts, online reference etc.) 9.11
Easy movement within & between patient records 8.67
Transaction time (quick response time) 8.44
Contains features that improve caregiver productivity 8.22
Provides on-line Help at screen & field level 7.56
Attractive user interface 7.33
Number of screen flips per transaction (minimal) 7.33
Supports free text entry of data 6.56
Ease of creation of department/personal order sets 5.89
Flexible & personalized views of data, including graphical display 5.78
Computer-based training available 4.67

2. Basis for electronic patient record: 24
Supports ad hoc user access to clinical data 9.88
Provides unique encounter identifier 9.38
Can merge records 9.00
Security of system 8.50
Appointments: strength of scheduling function 8.38
Usability of system management tools 8.25

3. Proven product/stable vendor/future directions: 15
Confidence in vendor’s ability to provide ongoing support 9.22
Confidence in vendor’s ability to provide implementation support 8.89
Futures: Technology and Development 8.78
Willingness to adapt the product quickly 8.33
Comprehensiveness of hospital starter set 7.33
Prospects for joint product development 6.94
Strong and active user group 4.56
Total number of installations 2.89
Number of sites installed in Canada 2.33

4. Fully integrated product: 11
Provides tools to create specialty databases with main database 9.00
Emergency Room functionality available 8.67
Availability of integrated ancillary subsystems 7.22

5. Basis for re-engineering work processes: 10
Electronic patient record 9.67
Supports physician-driven order communication 8.89
Supports multiple resource scheduling 7.11

6. Financial payback:
Provides timely alerts/advice that support cost containment

Product maximum weighted score:
9.33

9

100

Post-Delphi: Selecting the Product of Choice

To make a final decision as to the product-of-choice,
the group then evaluated the two software products
by scoring each software product against each crite-
rion, using a scale of 0 to 10, with 0 indicating the
criterion is absent; 5, criterion is met adequately; and
10, criterion is met at the highest level. To achieve the

product criterion score, the mean of the group’s raw
scores was multiplied by the assigned criterion
weight. Then the product criterion scores were totaled
by goal, as were the maximum criterion scores (the
maximum criterion score being the highest possible
score—i.e., 10—multiplied by the assigned criterion
weight). The total product criterion score was divided
by the total maximum criterion score for each goal
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and multiplied by the respective assigned (or maxi-
mum) goal weight score to give the product’s goal
weight score. For each product, the six product goal
weight scores were summed to provide the overall
product score. The product of choice had the highest
overall product score. The scores for the two products
are shown in Tables 4 and 5.

Results

Ten panel members participated for the majority of
the duration of the two-day decision-making retreat.
For Rounds 2 and 3, the goal determination rounds,
ten responses were received. For the criteria deter-
mination rounds, Rounds 4 through 6, the number of
responses varied from eight to ten, as some partici-
pants either chose not to respond or were not present
for the entire process.

Goal Determination Rounds (Rounds 2 and 3)

Consensus was based on the changes in the standard
deviation or on a group decision that, given the re-
sponse distribution, no further gains in agreement
would be achieved by another round. After the study,
the results of these rounds were analyzed statistically
for agreement using two methods of analysis. The first
agreement analysis was the test of classic agreement:
‘‘Was there change in an individual’s score from Round
2 to Round 3?’’ The group response consisted of ten
paired responses (n = 10) where the responses of the
second round represented the ‘‘before’’ intervention
and the third round the ‘‘after,’’ the intervention being
the additional new information, i.e., the mean of the
group’s previous response. Bland and Altman’s40

‘‘limits of agreement’’ statistical indicator and repeat-
ability coefficient were selected for this test rather
than a Student t-test of significance or a correlation
test, because the t-test is irrelevant to the question of
agreement. It would be very unusual if two methods
designed to measure the same quantity were not re-
lated, and even data in poor agreement can produce
quite high correlation. The limits of agreement are de-
termined by comparing the differences in the means
and standard deviations of each pair of individual re-
sponses. The simple repeatability coefficient, or t-
value, is determined by squaring the differences, sum-
ming the squared differences, dividing by n (or
number of paired responses), and taking the square
root to get the standard deviation of the differences.4

The expectation is that 95 percent of differences will
be less than two standard deviations (assuming a nor-
mal distribution and a mean difference of zero). The
alpha value used was 0.05 (assuming a two-tailed test)

with degrees of freedom of n minus 1, or 9. There was
no significant change in agreement of any individual’s
responses for any goal from Round 2 to 3. It could be
concluded that agreement of individual responses be-
tween both goal determination rounds was strong.
However, no conclusions can be made as to the effect
of the new information on the responses or the ten-
dency to conform to the mean of the previous re-
sponse.

The second agreement analysis was a test of difference
in variability of the group’s response in Round 2 com-
pared with Round 3: ‘‘Was there a change in group
consensus from Round 2 to 3?’’ A one-sided F-test for
two sample variances was used, with an alpha value
of 0.05. A one-sided test was used since it was as-
sumed that variation in agreement would either re-
main the same or be reduced, which is a valid as-
sumption for a consensus exercise. The results showed
a significant movement toward consensus from
Round 2 to Round 3 responses for Goal 1, Designed
for direct use by caregivers (P = 0.008), and for Goal
5, Basis for re-engineering work processes (P =
0.0329). Otherwise, for the remaining goals, there was
no significant change, implying that there was already
a sufficient level of consensus. The results of the sta-
tistical analysis supported the decisions made by the
group that consensus for goal determination was
achieved by the end of Round 3.

Criteria Determination Rounds (Rounds 4 to 6)

The criteria for all goals, with one exception, were as-
signed final weights after Rounds 4 and 5. The sixth
round (or third criterion weighting iteration) was nec-
essary to resolve the dissensus over several criteria for
Goal 3, ‘‘proven product/stable vendor/future direc-
tions.’’ The group used the standard deviation of the
previous round as the guideline to decide on the
achievement of consensus. The two tests of agree-
ment, the test for classic agreement, and the test of
difference in group consensus were not done for the
criteria results because the range of response scores (0
to 10) was very small, so any significant variation
would have been surprising. Also, for some criteria
there was not a ‘‘paired’’ individual response, as the
responses varied in number from 8 to 10 on a given
round. Only one round (Round 4) of scoring was re-
quired for Goals 5 and 6, as the distribution of re-
sponses indicated a relatively high level of agreement,
with less than two standard deviations about the
mean. By the end of the fifth round, there was suffi-
cient reduction in the standard deviation for the
group to agree that no further agreement would be
reached by another round. The mean scores of each
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Table 4 n

Calculation of Overall Product Score for Product A
Mean of

Consensus
Round

Criterion
Weight

Product
Criterion

Score

Maximum
Criterion

Score

Maximum
Goal Weight

Score

Product
Goal Weight

Score*

1. Designed for direct use by caregivers: 31 25.2
Supports online access to data from all previous episodes of care 9.50 9.33 88.64 93.30
System availability 9.50 9.22 87.61 92.22
Supports clinical decision making (alerts, online reference, etc.) 8.70 9.11 79.26 91.10
Easy movement within and between patient records 9.10 8.67 78.86 86.66
Transaction time (quick response time) 6.67 8.44 56.32 84.44
Contains features that improve caregiver productivity 9.30 8.22 76.46 82.22
Provides online Help at screen and field level 9.30 7.56 70.27 75.56
Attractive user interface 8.80 7.33 64.53 73.33
Number of screen flips per transaction is minimal 8.89 7.33 65.19 73.33
Supports free text entry of data 7.90 6.56 51.78 65.55
Ease of creation of department/personal order sets 5.90 5.89 34.74 58.88
Flexible and personalized views of data, including graphic display 7.00 5.78 40.44 57.77
Computer-based training available 0.56 4.67 2.61 46.66

796.71 981.02

2. Basis for electronic patient record: 24 19.6
Supports ad hoc user access to clinical data 9.1 9.88 89.86 98.75
Provides unique encounter identifier 8.7 9.38 81.56 93.75
Can merge records 9.6 9.00 86.40 90.00
Security of system 6.56 8.50 55.76 85.00
Appointments: strength of scheduling function 6 8.38 50.25 83.75
Usability of system management tools 8.78 8.25 72.44 82.50

436.27 533.75

3. Proven product/stable vendor/future directions: 15 10.8
Confidence in vendor’s ability to provide ongoing support 8.2 9.22 75.62 92.22
Confidence in vendor’s ability to provide implementation support 7.2 8.89 63.99 88.88
Futures: technology and development 9.3 8.78 81.65 87.80
Willingness to adapt the product quickly 8.3 8.33 69.16 83.33
Comprehensiveness of hospital starter set 6.5 7.33 47.66 73.33
Prospects for joint product development 8 6.94 55.55 69.44
Strong and active user group 4.6 4.555 20.95 45.55
Total number of installations 3.6 2.888 10.40 28.88
Number of sites installed in Canada 0.8 2.333 1.87 23.33

426.86 592.76

4. Fully integrated product: 11 9.3
Provides tools to create specialty databases with main database 9 9 81.00 90.00
Emergency room functionality available 7.4 8.667 64.14 86.67
Availability of integrated ancillary subsystems 9 7.222 65.00 72.22

210.13 248.89
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criterion for the last round represented the final or
assigned weight, that is, the weight that would be
used to evaluate the two software products (Table 3).

Evaluation of the Approach

At a wrap-up session immediately after the decision-
making retreat, the panel members indicated verbally
that they were in complete agreement with the out-
come of the Delphi decision-making process and with
the process itself. A formal evaluation of the success
of this approach was not performed. As for the sound-
ness or success of the actual product decision, an eval-
uation will be completed once the PCIS is fully op-
erational.

Discussion

The end results of the study, the weighted goals and
criteria, indicate the priority of the panel to recom-
mend a PCIS software product that focused on main
source of information in the hospital, the patient rec-
ord, and robustly addressed the functionality required
of a frontline caregiver. This is reflected in the goal
weights, the number of criteria, and the weights as-
signed to the goals ‘‘direct use by caregiver’’ (31/100)
and ‘‘basis for an electronic patient record’’ (24/100).

Several features of this Delphi process tended to fa-
cilitate consensus. First, involvement of clinicians in
the selection of a product that they will have to use
in their day-to-day practice minimized the perception
that an outside expert was trying to dictate their
method of practice. The fact that the majority of clin-
ical members of this selection task force agreed to re-
main as key members of the PCIS implementation ad-
visory council, where their primary responsibility
would be to recommend and encourage acceptance of
this software product to their fellow workers, also re-
flected their agreement. Second, the selection of a cli-
nician rather than an administrator to lead the panel
helped minimize the perception of outsiders trying to
manage clinical practice. Third, the use of successive
questionnaires to gather information and outline the
group’s collective response of the previous round
with statistical indicators promoted a sense of group
ownership of the process and thus facilitated consen-
sus building. Fourth, the anonymity of responses (al-
though not the participants’ identity) ensured that the
group was not unduly influenced by one or two mem-
bers of the group or by the biases of the individuals
reflecting the biases inherent in the hierarchic struc-
ture of the hospital. Finally, this process allowed the
focus to remain on the selection of the PCIS project
while at the same time eliminating the ‘‘groupthink’’
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Table 5 n

Calculation of Overall Product Score for Product B
Mean of

Consensus
Round

Criterion
Weight

Product
Criterion

Score

Maximum
Criterion

Score

Maximum
Goal Weight

Score

Product
Goal Weight

Score*

1. Designed for direct use by caregivers: 31 18.5
Supports online access to data from all previous episodes of care 6.20 9.33 57.85 93.30
System availability 6.40 9.22 59.02 92.22
Supports clinical decision making (alerts, online reference, etc.) 7.80 9.11 71.06 91.10
Easy movement within and between patient records 5.50 8.67 47.66 86.66
Transaction time (quick response time) 7.00 8.44 59.11 84.44
Contains features that improve caregiver productivity 4.50 8.22 37.00 82.22
Provides online Help at screen and field level 5.80 7.56 43.82 75.56
Attractive user interface 3.80 7.33 27.87 73.33
Number of screen flips per transaction is minimal 4.00 7.33 29.33 73.33
Supports free text entry of data 4.44 6.56 29.10 65.55
Ease of creation of department/personal order sets 8.40 5.89 49.46 58.88
Flexible and personalized views of data, including graphic display 5.60 5.78 32.35 57.77
Computer-based training available 8.78 4.67 40.97 46.66

584.60 981.02

2. Basis for electronic patient record: 24 13.4
Supports ad hoc user access to clinical data 2.70 9.88 26.66 98.75
Provides unique encounter identifier 6.30 9.38 59.06 93.75
Can merge records 3.90 9.00 35.10 90.00
Security of system 7.56 8.50 64.26 85.00
Appointments: strength of scheduling function 8.89 8.38 74.45 83.75
Usability of system management tools 4.78 8.25 39.44 82.50

298.97 533.75

3. Proven product/stable vendor/future directions: 15 11.1
Confidence in vendor’s ability to provide ongoing support 8.80 9.22 81.15 92.22
Confidence in vendor’s ability to provide implementation support 9.40 8.89 83.55 88.88
Futures: technology and development 6.40 8.78 56.19 87.80
Willingness to adapt the product quickly 5.90 8.33 49.16 83.33
Comprehensiveness of hospital starter set 8.40 7.33 61.60 73.33
Prospects for joint product development 4.30 6.94 29.86 69.44
Strong and active user group 8.90 4.56 40.54 45.55
Total number of installations 7.60 2.89 21.95 28.88
Number of sites installed in Canada 6.00 2.33 14.00 23.33

438.00 592.76

4. Fully integrated product: 11 4.6
Provides tools to create specialty databases with main database 4.00 9.00 36.00 90.00
Emergency room functionality available 4.10 8.67 35.53 86.67
Availability of integrated ancillary subsystems 4.40 7.22 31.78 72.22

103.31 248.89
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effect of regular committee meetings and opinion-
gathering sessions.

Several limitations were identified. Although com-
pleting six rounds of the study and scoring the two
products during a two-day retreat ensured a captive
audience, and thus a high response rate, the prob-
ability of a ‘‘fatigue factor’’ by the end of rounds was
high. Although this was not mentioned by the mem-
bers, we cannot state with total confidence that the
results represented group consensus based totally on
informed decision making rather than an interest in
completing the process, particularly by the end of the
second day. Because of the need to complete the ex-
ercise in a relatively short time (for a Delphi study),
it is also possible that not all issues and concerns were
addressed during the exercise to every member’s sat-
isfaction in order to make an informed decision.

A question that was not answered specifically through
the design methodology of this process was ‘‘How re-
liable were the weighted goals and criteria as deter-
mined during this process?’’ Although the Delphi
technique is considered more an art than a science,
giving the questionnaires to a control group, or a
group external to the process, would have helped val-
idate the structure, clarity, and ease-of-use of the pro-
cess. For example, a pilot round on five to ten indi-
viduals outside the study before the goal
determination rounds could have been incorporated
into the design and the responses evaluated as in a
test–retest reliability research study.41 Another way to
improve the reliability and validity of the study
would be to designate a content expert to provide
clarification and guidance during the process to those
members considered nonexperts. For example, a con-
sultant specializing in information systems technol-
ogy would be able to address questions from the pri-
mary caregivers, and a clinical specialist would be
able to address questions from the administrative
membership. This would help reduce potential bias
introduced by the chair if the responsibility for an-
swering questions depended mainly on the chair. In
addition, the incorporation of automated communi-
cation systems to increase the information available to
participants through side conversations or conversa-
tion histories while preserving the anonymity of those
asking the questions would speed up the distribution
of information and would allow a participant to re-
view more information related to a specific item or
issue.42 Having quicker access to more relevant statis-
tical indicators besides the mean and standard devi-
ation between rounds, specifically the group’s distri-
bution trends and the tests of agreement, might also
reduce the number of rounds required and thus lessen
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or eliminate the potential fatigue factor associated
with too many rounds.

The responses of the participants should have been
evaluated through completion of an attitudinal ques-
tionnaire shortly after the decision-making retreat to
evaluate the benefits of using the Delphi approach.
Such a formal evaluation would have been useful in
determining the construct validity of this process. This
type of formal evaluation was not possible for several
reasons. Four of the clinical panel members left the
institution before the implementation to pursue other
career opportunities, and with the majority of the re-
maining panel members taking on leadership roles for
the implementation, it was thought that their response
to such an evaluation would be biased. Evaluation of
the usefulness of this approach was based then mainly
on informal, verbal comments of the panel members
made immediately after the retreat ended.

In spite of the limitations, the PCIS selection task force
did develop, in a short time, the goals and criteria in
a manner that indicated strong agreement among
members of a rather diverse group. Also, the design
of this Delphi study helped increase the validity of
the study in two ways: first, the goals and criteria
were developed by the people who will actually use
the PCIS, so the goals and criteria have a high
face validity; and second, concurrent validity was
achieved as consensus was achieved among the ex-
perts themselves.

Conclusion

The relevant goals and criteria determined through
this process and used to make the final decision for
software selection were developed as a result of
strong agreement among members of a diverse group
in a relatively short time. A consensus-building pro-
cess such as the Delphi technique was indicated in
this setting because of the need to select one PCIS that
would be used by all caregivers and administrative
staff in the institution while avoiding a decision based
on political biases and the ‘‘groupthink’’ effect of tra-
ditional committee meetings. It is recognized that the
Delphi technique is a semiquantitative, semiqualita-
tive research method, in that information and a deci-
sion are based on opinions and not necessarily on
facts obtained from a controlled environment. How-
ever, since the PCIS selection task force was represen-
tative of the prospective users of such a system, since
there was little known information at the outset, and
since the decision was made within the required time
frame, it is concluded that the Delphi process was use-

ful in determining the goals and criteria to use in the
selection of an automated PCIS at Vancouver Hospital
and Health Sciences Centre.

The authors thank the other members of the PCIS selection task
force—Dr. C. Beauchamp, L. Blanchard, R. Brown, V. Eliopou-
los, M. Kiely, B. Milne, Dr. J. Shepherd, Dr. B. Nelems, and S.
Kocher—for their participation in this study, as well as Dr. S.
Vedal for his assistance with the statistical indicators.
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